Abstract: It is a novel approach to the synthesize Poly(aniline) / V 2 O 5 nano composite by free radical polymerization method under different experimental conditions such as variation in time, temperature and concentration of aniline and initiator. It was indicated that V 2 O 5 itself could catalyze the oxidative polymerization of aniline. This can be attributed to the internal doping effect, which introduced flexibility to the rigid PANI backbone. TGA counseled the thermal stability of PANI. Through FTIR study, the structure of PANI was established. Comparison of polymerized aniline composite with two different initiators was done.
Introduction
Poly(aniline) (PANI) is one of the most useful electrically conducting polymers due to its excellent electro chromic properties, facile synthesis and easily understandable doping/de-doping science [1] . Such a versatile polymer has been recently interacted with the nano meter scale materials to boost up certain physical and chemical properties of both. Recently PANI grafted MWCNT has been fabricated for the electrochemical purpose [2] . Cu(II) mediated synthesis of PANI nano composite with MMT was reported with improved thermal stability [3] . PANI nano tube with aluminium silicate as template has been fabricated with improved chemical properties [4] . In 2009, Xiong et al [5] reported about the improved magnetic properties of PANI when it was interacted with Fe 3 O 4 . Yilmaz and co-workers [6] reported about the activated crystallinity and electrical conductivity of PANI/MWCNT composites. Other authors also reported about the PANI/nano composites when it interacted with nano sized CNT [7] , Al 2 O 3 [8] , MWCNT [9] , α-Al 2 O 3 [10] , Silica [11] , HTiNbO 5 [12] , V 2 O 5 [13] , Ce(OH) 3 [14] and TiO 2 [15] .
We know that the structure of PANI is built up by benzenoid and quinonoid forms. The % of the same can be estimated by chemical and analytical methods. The chemical method consumes lot of toxic solvents and lead to the environmental pollution. The analytical method particularly, FTIR spectroscopy is a useful tool in various science and engineering fields, because of it being eco-friendly, its high sensitivity or detection ability towards traces amount of sample, low noise to signal ratio and since the method is easy and inexpensive one. FTIR spectroscopy is used for qualitative [16] [17] [18] [19] [20] [21] and quantitative [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] applications. Even after thorough literature survey, we could not find any report based on the FTIR based kinetics of effect of nano-sized material on the structure of PANI. For the first time, we are reporting here about the FTIR based kinetics of catalytic effect of nano sized V 2 O 5 on the structure of PANI. In addition, the thermal stability of PANI/V 2 O 5 hybrid was also checked.
Results and discussion

Effect of Time on R P
The effect of time on R p was studied by varying the reaction time between 1 and 3.5 h by keeping other experimental conditions as constant. The R p decreased as the time increased because of the presence of a bulk value in the denominator (Fig. 1) . Longer reaction time permits the monomer radical cations to interact with each other and results in the growth of polymer chains without any cross-linking. Fig.1a and 1b show the effect of time on R p for PDS and PDC initiators respectively. From the time variation, the optimized time was observed as 2 h. Hereafter the polymerization will be carried out at a constant time of 2 h under different experimental conditions. 
Effect of [ANI] on R p
ANI was polymerized in the presence of nano material like V 2 O 5 with PDS or PDC as initiator. Aniline concentration was varied in the range of 0.15 to 0.35 M while keeping other experimental conditions as constant. While increasing the concentration of ANI, the R p value is also increased. This is due to the formation of more and more monomer radical cations. The polymer chain propagates through the formation of dimer, trimer, oligomer and polymer without any crosslinking. To determine the order of reaction, the log-log plot was made between log[ANI] Vs log R p (Fig. 2 a) and the slope value was determined. It was noted that the R P showed the 2.5 order dependence with respect to [ANI] while using PDS as chemical initiator.
Under similar experimental conditions, PDC was used as the initiator and ANI was polymerized in the presence of nano material like V 2 O 5 . Here also while increasing the [ANI] the R p values are increased linearly. In order to find out the order dependence, the log-log plot (Fig. 2 b) 
Effect of [Initiator] on R P
The concentration of PDS was varied from 0.015 to 0.035 M, keeping other experimental conditions as constant. It was noticed that the R p increased with the increase of the concentration of PDS. This is due to the production of large number of free radicals from the initiator species for the initiation of monomer. The persulfate radical is the key species for the initiation of monomer. In order to find out the effect of [PDS] on R p , the following plot was made for ANI-PDS-HCl system,(i.e) log R P Vs log [PDS] (Fig. 3 a) . The plot indicated the slope value of 1.25 and confirmed the 1.25 order of reaction with respect to [PDS] . ANI was polymerized in the presence of PDC as chemical initiator, under identical experimental conditions, and the same type of plot was made for ANI-PDC-HCl system too. The concentration of PDC was varied from 0.015 to 0.035 M, keeping other experimental conditions as constant. It was observed that the R p increased with the concentration of PDC initiator. In order to find the order of reaction, a plot of log R P Vs log [PDC] (Fig. 3b ) was made. The slope value indicated that 1.50 order dependence of R P with respect to [PDC] . The increase of R P is explained based on production of more and more free radicals from PDC and further propagation of aniline radical cations lead to the formation of various structural forms and ended with PANI chains. 
Effect of Temperature on R P
The reaction temperature varied between 10 and 70 º C while keeping the other experimental conditions as constant. The R p values increased up to 55 0 C and then decreased. This is due to the depletion of monomer radical cations from the growing polymer chains. Over oxidation or secondary oxidation leads to the formation of more and more quinonoid structure. The energy of activation for the formation of PANI structure can be determined by the famous Arrhenius equation. The activation energy was estimated as 133.84 kJ/mol and 163.98 kJ/mol, when PDS and PDC acted as initiators respectively [32] . Fig. 4a shows the plot of 1/T Vs log R p for PDS initiator system and Fig. 4b shows the plot of 1/T Vs log R p for PDC initiator system. Temperature variation optimized the temperature of 45 º C but with lower yield. Hereafter the polymerization will be carried out at 45 º C under different experimental conditions.
Effect of % weight of V 2 O 5 on the R P of ANI
The R p was estimated for different % weight of V 2 O 5. The R p increased from 0.418 x 10 -5 to 1.77x10 -5 mol/lit/s as we increased the (% weight of V 2 O 5 ). In order to find the order of polymerization reaction, the plot of log (% weight of V 2 O 5 ) Vs log R P (Fig. 5a ) was drawn. The slope value of the plot was determined as 2.0 and this confirmed the second order dependence of R p with respect to (% weight of V 2 O 5 ) when PDS was used as an initiator and the slope value was 0.92 when PDC {log (% weight of V 2 O 5 ) Vs log R P ) ( [33] reported about the clay catalyzed synthesis of poly(α-naphthylamine), structurally similar to PANI, in which the R p showed the first order reaction with respect to (% weight of clay). In the present investigation, under the identical experimental conditions, V 2 O 5 followed the second order reaction with respect to (% weight of V 2 O 5 ). This proved the efficiency of V 2 O 5 towards the nano composite formation through its surface catalytic effect. 
FTIR study
The structure of PANI synthesized by PDS and PDC as chemical initiators can be confirmed by FTIR spectroscopy. 6 shows the FTIR spectrum of PDS initiated ANI polymerization in the presence of V 2 O 5 . A peak at 1563 cm -1 was due to the quinonoid structure of PANI. Another sharp peak at 1487 cm -1 was responsible for benzenoid structure of PANI. The peak at 720 cm -1 was the evidence of CH out of plane bending vibration. In this present investigation, even though we have so many peaks due to the structure of PANI, we are interested only in the peaks corresponding to quinonoid structure, benzenoid structure and CH out of plane bending vibration. Fig. 7 shows the FTIR spectrum of PDC initiated PANI. Here also one can observe the same peaks as mentioned above. Apart from these peaks, we have one more peak around 500 cm -1 that confirmed the presence of metal-oxide stretching vibrations. This confirms the PANI-V 2 O 5 nano composite structure. Fig. 8a and 8b respectively. These two plots confirm that the RI of both benzenoid and quinonoid forms of PANI are increased when ANI was subjected to longer polymerization time. The longer reaction time permits ANI with different possible reaction leading to the formation of dimer, trimer and oligomer with different structures like pernigraniline, emeraldine etc. PANI/ V 2 O 5 nanocomposite was synthesized with the help of another initiator PDC, under same experimental conditions as mentioned for PDS system. While increasing the reaction time, the RI of benzenoid form is increased from 0.411 to 1.355. The RI of quinonoid form is also increased with the increase in reaction time. 
Effect of Time on the Relative Intensity (RI) of benzenoid and quinonoid forms of PANI
Effect of [ANI] on the RI of benzenoid and quinonoid forms of PANI
The monomer concentration plays an important role for the preparation of nanocomposites. (Fig. 9a) . The plot shows a straight line with the slope value of 1.34, which confirms the 1.50 order reaction of formation of benzenoid structure with respect to [ . Once all the free radicals were consumed, there were no more free radicals to initiate the polymerization reaction. 2) At higher concentration of monomer, the autocatalytic effect caused due to the bare active surface of PANI led to the formation of benzenoid structure and the decrement of quinonoid structure. In order to find out the order of quinonoid structure formation, the log-log plot of [ANI] Vs RI [Q/CH] (Fig.  9b ) was made and the slope value was determined as 2.08. This confirmed the 2.0 order of quinonoid structure formation of PANI with respect to [ANI] . Similarly, using the PDC as another initiator, PANI/ V 2 O 5 nano composite was synthesized. The RI of the benzenoid structure increases from 0.99 to 2.4875. In order to find out the order of benzenoid structure formation, the log-log plot was made between [ANI] Vs RI [B/CH] (Fig. 9c) . The plot shows a straight line with the slope value of 2.0. Similarly, the effect of [ANI] on RI of quinonoid structure of PANI was determined. While increasing the [ANI], the RI [Q/CH] increased from 1.102 to 1.871 and then decreased with the slope value of 2.04 (Fig. 9d) . This confirms the 2.0 order of reaction of quinonoid structure formation with respect to [ANI]. . This is due to the following reasons: 1) At higher [PDS] , all the monomer fractions were exhausted and there was no more free monomer to interact with free radicals. 2) Excess of free radicals lead to secondary or over oxidation of ANI.
Effect of [PDS] or [PDC] on the RI of benzenoid and quinonoid forms of PANI
3) The excess of free radicals lead to the formation of quinonoid structure. The order of the reaction was determined. A graph was plotted between log [PDS] Vs log RI [B/CH] (Fig. 10a) and log [PDS] Vs log RI [Q/CH] (Fig. 10b) (Fig. 10d) and the slope values were determined as 2.0 and 1.53 respectively with respect to [PDC] . The increase in RI with respect to the increase in initiator concentration confirms the increase of PANI chain length. 
Effect of temperature on the RI of benzenoid and quinonoid forms of PANI
The reaction was done in different temperature for determining the activation energy and the RI of PANI. While increasing the temperature from 10 º C to 70 º C, the RI [B/CH] increases up to 55 º C and then it shows a decreasing trend, whereas RI [Q/CH] shows a linear trend. This is due to the thermal oxidation of monomer at higher temperature that leads to the secondary oxidation of monomer with simultaneous oxidative diffusion reaction. As a result, at higher temperature the RI [B/CH] was found to be decreased. From the Arrhenius plot, the energy of activation was determined for both benzenoid and quinonoid structure formation of PANI. Fig. 11a shows a plot of 1/T Vs log RI [B/CH] and Fig. 11b represents the plot of 1/T Vs log RI [Q/CH] . The slope values were determined (from the linear region) and the E a values were calculated as 123.47 kJ/mol and 154.32 kJ/mol for benzenoid and quinonoid structure formation respectively. This indicates that the formation of quinonoid structure consumes more heat energy than the benzenoid structure. Similarly, the effect of temperature was studied on the RI of PANI using PDC as an initiator. Fig. 11c shows the plot of 1/T Vs log RI [B/CH] and Fig. 11d represents a plot of 1/T Vs log RI [Q/CH] . The E a was determined for both benzenoid and quinonoid structures as 132.85 kJ/mol and 178.13 kJ/mol for benzenoid and quinonoid structure formation respectively. 
Effect of (% weight of V 2 O 5 ) on the RI of benzenoid and quinonoid forms of PANI
The effect of various (% weight of V 2 O 5 ) on the RI of [B/CH] and [Q/CH] was investigated. The (% weight of V 2 O 5 ) was varied between 1 and 5% whereas other experimental conditions were kept constant. The RI of benzenoid structure increases from 0.0799 to 0.5623 while increasing the (% weight of V 2 O 5 ). In order to find out the order of benzenoid structure formation, the plot was made between log (% weight of V 2 O 5 ) and logRI [B/CH] (Fig.12a) . The plot shows a straight line with the slope value of 1.0, which confirms the first order reaction of formation of benzenoid structure with respect to (% weight of V 2 O 5 ). Similarly, the effect of V 2 O 5 on RI of quinonoid structure of PANI was determined. While increasing the (% weight of V 2 O 5 ) the RI [Q/CH] increased from 0.2254 to 1.122 and the slope value was determined as 0.923 (Fig. 12b) . This confirmed the first order reaction of quinonoid structure formation with respect to (% weight of V 2 O 5 ). Similarly, PANI nanocomposite was synthesized using PDC. The RI [B/CH] increases linearly with (% weight of V 2 O 5 ) (Fig. 12c) and RI [Q/CH] too, whose slope values were 1.25 and 1.50 respectively (Fig. 12d) . This confirms the 1.25 order and 1.50 order of reaction for benzenoid and quinonoid forms of PANI respectively with respect to (% weight of V 2 O 5 ). 
TGA profile
The thermal stability of PANI synthesized by PDC as chemical initiators can be analyzed by TGA method. TGA of PANI loaded at different (% weight of V 2 O 5 ) is shown in Fig. 13 . The thermo gram shows a three-step degradation process. The first minor weight loss step was due to the removal of physisorbed water molecules and moisture. The second minor weight loss step was due to the removal of dopant from PANI backbone and the slight degradation of benzenoid structure of PANI. The third weight loss step was due to the degradation of quinonoid form of PANI. Degradation above 700 ºC, the PANI/V 2 O 5 nano composite system showed approximately 5% weight of the sample remain. This confirms the thermal stability of PANI/V 2 O 5 nano composite. One interesting point noted here is while increasing the (% weight of V 2 O 5 ) the % weight residue remaining above 700 ºC is increased. The added V 2 O 5 improved the char forming nature (flame retardant nature) of PANI. Sung et al [34] reported that poly(o-ethoxy aniline)/clay nano composite showed higher thermal stability than the pristine poly(o-ethoxy aniline). Our results are in accordance with them. 
HRTEM report
Conductivity
The d.c. conductivity of PANI synthesized with two different initiators was mentioned here. When PDS concentration was 0.025 M, the conductivity value of PANI was 3.0 x 10 -3 S/cm whereas at the same concentration of PDC the electrical conductivity value was 3.4 x 10 -3 S/cm. A slight increase in electrical conductivity of PANI -PDS system proves that PDS is not only acting as a free radical initiator but also acting as a dopant during the chemical polymerization of ANI. The electrical conductivity value was slightly increased while using V 2 O 5 (4.81x10 -2 S/cm). This proves that the added nano material not only increases the thermal stability and R p but also increases the conductivity, by acting as a dopant. This is in accordance with our earlier publication [35] .
Conclusions
From the above kinetic study the following important points are summarized here as conclusions. 1) PANI/V 2 O 5 nanocomposite was synthesized successfully by in situ polymerization method. 2) While increasing the (% weight of V 2 O 5 ) the relative intensity of both benzenoid and quinonoid structure were increased linearly. 3) Quinonoid structure formation consumed more amount of heat energy than the benzenoid structure formation. 4) The initial degradation as well as the PANI backbone degradation temperature were increased for the PANI/V 2 O 5 nanocomposite system. 5) HRTEM confirmed the dispersion of V 2 O 5 platelets of 20 nm on the PANI matrix. 6) The d.c. conductivity value of PANI/V 2 O 5 nanocomposite was increased with the increase of (% weight of V 2 O 5 ) which confirmed the catalytic effect as well as oxidizing/dopant nature of V 2 O 5 with PANI chains.
Experimental part
Materials
Aniline (ANI) monomer was purchased from Merck, India. In order to remove the inhibitor present in the monomer solution, it was distilled under vacuum prior to polymerization reaction. Hydrochloric acid (HCl, Reachem, India), peroxy disulphate (PDS, Ottokemi, India) and potassium dichromate (PDC, Reachem, India) were used without subjecting them to any purification process.V 2 O 5 (SD fine chemicals, India) was purchased and used without further purification. Actually, the present in situ polymerization process was a top down approach.
Experimental procedure
Required amount of ANI in 1 M HCl was taken in a polymer tube and de-aerated for 30 min. The polymerization was initiated by the addition of calculated volumes of preaerated oxidizing agent such as PDS. The time of adding the oxidizing agent was the starting time of the reaction. The reaction mixture was found to turn green in color and visible appearance of the polymer formation was noticed. Blowing air into the polymer tube to freeze further reaction arrested the reaction. Polymerization was carried out at 45 0 C for a reaction time of two hours. Thus, formed PANI was filtered through already weighed G4 sintered crucible. The difference in weight gave the weight of the formed polymer. The same method was adopted for the synthesis of PANI nanocomposite using V 2 O 5 .
The rate of polymerization (R p ) was determined as follows:
R P = Weight of polymer obtained x 1000
(1)
V x t x M
where, V -volume of reaction mixture, t -reaction time, M -molecular weight of monomer used.
Characterizations
FTIR spectra of PANI samples were recorded, using Shimadzu 8400 S FTIR spectrophotometer instrument by KBr pelletisation method. The baseline correction was made carefully and the area of the peaks was determined using FTIR software. For the quantitative determination of percentage amino and imino form, the following areas of the peaks, which were assigned at 1490, 1590 and 720 cm -1 , were determined and the relative intensity was calculated as follows:
Relative intensity of Benzenoid form (RI) = A 1490 /A 720
Relative intensity of Quinonoid form (RI) = A 1590 /A 720 TGA analysis was performed under air purge at the heating rate of 10 0 C/min by using SDT 2960 simultaneous TGA and DSC, TA instruments. HRTEM was recorded for 5% weight of V 2 O 5 loaded PANI nano composite by using a TEM 3010, a product of JEOL. The Standard Four Probe instrument measured the d.c. conductivity of the samples.
